CLAIMS 




1 . A multi-stage optical apipnner, composing: 
an amplifier including af^€ast a distributed Raman amplifier fiber 
and a discrete amplifier fihgfjthe-aifiplifier configured ro) be coupled to at 
least one signal source that produces a plurality of signed wavelengths 
and at least a first pump source that produces one^r more pump beam 
wavelengths Xp ; 

a signal input port coupled to the amplifier; 
a signal output port coupled to the amplifier, the distributed Raman 
and discrete amplifier fibers being positioned between the signal input port 
and the signal output port; 

a first pump^input port coupled to a first end of the distributed 
Raman amplifier'riber; 

a second pump input port-couple3toa second endofHhe distributed 
Raman amplnteriiber^ end being located closer to the/signal input 
port than the second end; and 

a third pump input port coupled to the discrete arfiplifier fiber. 



2. The multi-stage optical amplifiei'of claim 1, wherein the first 
and second pump input ports are configjir^d to couple pump light into the 
distributed Raman amplifier fiber. 



3. The multi-sjage optical amplifier of claim 1 , wherein the 
second and third pump^nput ports are located at a first location and the first 
pump input port isylocated at a second Jqcation-that-is^istanced from the 
first location. 



4. The multi-stage opJieST amplifier of claim 3, wherein the 
second location is distanpedm an amount of at least 20 km relative to the 
first location. 
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5. The multi-stageppfrcal amplifier_of^laim 1, wherein the 
discrete amplifier fiber is a^mscjete'Raman amplifier filler. 

6. The multi-stage optical amplifier aPxlaim 1, wherein the first 
pump input port is coupled to a first pump source, and the second pump 
input port is coupled to a second pump source. 

7. The multi-stage optical amplifier of claim 5, wherein the 
distributed and discrete Raman amplifier fibers have lengths greater than or 
equal to 200 m. 




8. The multi-stage-etTfical amplifier of claim rXwherein the one 
or more pump^Dg^iirwavelengths A, p are in the range of 1300 nm to 1530 
nm. 



9. The multi-stage optical amplifier ofcclaim 1 , wherein an 
effective optical noise figure of the distributed'Raman amplifier fiber is less 
than an optical noise figure of the discrete'amplifier fiber for at least a 
portion of the plurality of signal wayelengths A,s. 

/ 

10. The multi-stage optical amplifier of claim 1, wherein the 
discrete amplifier fiber has a higher gain than the distributed Raman 
amplifier fiber for aj/feast a portion of the plurality of signal wavelengths 

^s- 



11./ The multi-stage^ptied^mplifier of clairn^, wherein at least 
one of the <3istributed-aild^ discrete Raman amplifier fi}>efs is a dispersion 
compensating fiber. 



12. The multi-stage optical amplifier of claim 1, wherein the 
distributed Raman amplifier fiber has an effective optical noise figure of 
less than 8 dB for aMeast ajJOfth5ffbfjthe^Iurality of signal wavelengths As 
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13. The multi-stage optical amplifier of claim 1, wherein the 
discrete amplifier fiber has a^gain levelpf-atigast 5 dSipr at least a portion 
of the plurality of sign^wayetengths A,s. 

14. The multi-stage optical amplifiepdi claim 5, wherein the 
amplifier includes a second discrete Ramap^mplifier fiber. 

15. The multi-stage ogjical amplifier of claim 14, further 
comprising: 

a pump shunt coupled to the optical fiber, wherein at least a portion 




of the one or more pump wavelengths Xp is co upled betw een the discrete 
Raman amplifier'fiber and the seeotia discrete Raman amplifier fiber. 




1 16^ J3i€multi-stage optical amplifier of clajm 6, wherein each of 

2 the first and second pump sources is a laser diodeMimp source. 



l 

2 
3 
4 
5 




17. The multi-stage optical amplifier of claim 1, further 
comprising: 

at least a first lossy memberpc^sifioned between the signal input port and 
signal output port, the at least first lossy member being lossy in at least one 
direction. 



1 18. The multi-stage optical-atnplifier of claim 1 ^/Wherein the 

2 at least first fossy mem^r-ificludeTan optical isolate 

1 19. The multi-stage optical^atfiplifier of claim 17, wherein the 

2 at least first lossy member includes an add/drop multiplexer. 



1 20. The raflti-stage^pta 

2 at least first lospf memb£rinclud< 



amplifier of claim 17, wherein the 
gain equalization member. 
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1 21. The multi-stage optical amplifier of claim 1 7, wherein the at 

2 least first lossy member incJudesadispSrsion compensation member. 

1 22. The nraffi-stage optical amplifiep'of claim 1 7, wherein the at 

2 least first lossy member includes a WDM cpupler. 

1 23. The multi-stage opticd'amplifier of claim 5, wherein the 

2 amplifier includes a transmission/fiber. 

1 24. The multi-stage optical amplifier of claim 23, wherein the 

2 amplifier includes a dispersion compensating fiber. 

1 25. Th^multi-stage optical amplifier system of claim 24, 

2 wherein the dispersion compensating JibeTHas an oppbsite sign of 

3 dispersion^lope and ancjpptfsite sign of dispersion relaftive to the 

4 transmi^onJ^erT^^ / 

1 26. The multi-stage optical amplifier of claim 23, wherein the 

2 transmission fiber includes the distributed and discrete Raman amplifier 

3 fibers. / 

1 27. The multi-stage optical amplifier of claim 26, wherein the 

2 amplifier includes a dispersion compensating fiber. 

/ 

1 28. The multi-stage optical amplifier of claim 27, wherein the 

2 dispersion compensating fiber has anoppesit£""sTgn of clispersion slope and 

3 an opposit^sign of dispersipn-felative to the cumulative dispersion of the 

4 entire tran^missign^iBCT excluding any dispersion compensating fiber 

5 portion of the transmission fiber, 

1 29. A multi-stagefoptical amplifier, comprising: 

2 an optical fiberlncluding at le ast a distr ibuted Raman amplifier fiber 
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3 and a discrete amplifier fibeiythe opti^-^^rcbnfigbred to be coupled to at 

4 least one signal source ti^produces a plurality of signal wavelengths Xs 

5 and at least two pump sources that produce one or'more pump beam 

6 wavelengths Xp, wherein at least a portion^opone of the distributed Raman 

7 amplifier fiber and the discrete amplifierlfiber is a dispersion compensating 

8 fiber; 

9 a signal input port coupled to the optical fiber; 

10 a first pump input^port positioned between the signal input port and 

1 1 the distributed Ram^/amplifierfibgr;^ — ' ^\ 

12 a second m*mp imjut'-port, the distributed Raman amplifier fiber 

13 being positioneajjpt^tfeen the signal input port and/the second pump input 

14 port and the discrete amplifier fiber being positioned between the second 

15 pump input port and signal output port; an 

16 a third pump input port configuredto pump the discrete Raman 

17 amplifier fiber. y 

1 30. The multi-stage optical amplifier of claim 29, wherein the 

/ 

2 dispersion compensating fiber has a zero dispersion point that is shifted to 

3 wavelengths greateryfhan 1 500 run using the waveguide dispersion property. 

1 31. yffhe multi-stage optical amplifier of claip 29, wherein the 

2 discrete ampli^ Raman wapU^/Rber. 

1 32. The multi-stage optical amplifier of claim 31, wherein the 

2 distributed and discrete Raman amplifier fibers have lengths greater than or 

3 equal to 200m. ^^/^ 

1 33. The multi-stage optical amplifier of claim 29, wherein the 

2 one or more pump beam wavelengths Xp ai^jnthe range of 1 300 nm to 

3 1530 nm. / 
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34. The multi-stage optical amplifier of claim 29, wherein the 
distributed Raman amplifier fiber has an effective optical noise figure of 
less than 8 dB for at leasty&portionc^^^p\mBlityof signal wavelengths A,s. 



l 

2 
3 



35. The flfertfi-stage optical amplifier/Of claim 29, wherein the 
discrete amplifier fiber has a gain level of a^east 5 dB for at least a portion 
of the plurality of signal wavelengths 7^ 
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36. The multi-stage 9pfical amplifier of claim 29, further 
comprising: 

at least a first lossy member positioned between the signal input port and the 
signal output port, the at least first lossy member being lossy in at least one 
direction. 



wherein 




The multistage optical amplifier system of claim 29, 
fersion compensating fiber has an opposite sign of 



dispersion slope and an opposite sign of dispersion relative to the 
cumulative dispersion of the entire optical fib^r' excluding the dispersion 
compensating fiber portion of the opticakfiber. 



38. A multi-stage optical amplifier, comprising: 

an optical fiber including at least a distributed Raman amplifier fiber 




and a discrete amplifier fiber, the amplifier configured to be coupled to at 
least one signal sour^e'that produces a plurality of signal wavelengths A, s; 



and at least a firsLpump source that produces one or more pump beam 
wavelengths X/ 

a signal input portGOtipled to the opticaWiber; 
a sigqaijMrtput port coupled to tlje^ptical fiber, the distributed 
Raman and discrete amplifier fibprgoeing positioned between the signal 
input port and the signal cmtput port; 
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a first pumpdiiput port coupled to the distributed Raman amplifier 



fiber; 



a second pump input port coupled to the discrete amplifier fiber; and 
a dispersion compensating member coypled to the optical fiber, 
wherein the dispersion compensating mefnber has an opposite sign of 
dispersion slope and an opposhe*sign of dispersion relative to at least a 
portion of the optical fiber? 




39 THe multi-stage optical amplifier of claim 38, wherein the 
dispersion compensating membeMS-positiwed-betvscQen the distributed 
Raman amplifier fiber and the discrete amplifier fiber. 



40. The multi-stage optical amplifier system of&laim 38, 
wherein a portion of the optical fiber is the dispersion*x>mpensating 
member. 

41 . The multi-stage optical*amplifier of claim 38, wherein at 
least a portion of the optical fibefmcludes a dispersion compensating fiber. 

42. The multistage optical amplifier of claim 38, wherein the 



dispersion compensating member has an opposite sign of dispersion slope 
and an opposit^'sign of dispersion relative to a majority of the optical fiber. 

43/ The multi-stage optical amplifier of claim 38, wherein the 
dispersion compensating member has an opposite sign of dispersion slope 
and an o^Qsite^sign^5faispersion relativetolffcumulative dispersion of the 
entire optical fiber. 

44. The multi-stage opticalap^Tifier of claim 38, wherein the 

^^^^ 

discrete amplifier fiber is a disprete Raman amplifier fiber. 

45. The mdlti-stage optical amplifier of claim 44, wherein the 
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2 distributed and discrete Ramajv^mplifier fibers have lengths greater than 

3 or equal to 200 m. / ^ ^ 

1 46. The umlti-sfage optical amplifier of claim 38, wherein the 

2 one or more pump beam wavelengths Xp are in tj*e range of 1300 nm to 

3 1530 nm. / 

1 47. The multi-stage optical / amplifier of claim 44, wherein at 

2 least one of the distributed and discrete Raman amplifier fibers is a 

3 dispersion compensating^^et^ 

1 48. The imxlti-stage optical amplifier of claim 44, wherein the 

2 optical fiber includes a second discretej^amfflramptifier-fi^er. 

1 49. Qlieinultfstage optical amplifier of claim 48ytiirther 

2 comprising: / 

3 a third pump input port coupled to the secoiKHhscrete Raman 

4 amplifier fiber. 

1 50. The multi-stage optical^amplifier of claim 38, wherein the 

2 first pump source is a laser diode pump source. 

1 51. The multi-stage'optical amplifier of claim 38, further 

2 comprising: / 

3 at least a first lossy member positionedbetweenflie signal input port 

4 and the signal output port, the at least-first lossy member being lossy in at 

5 least one directi^n^^^^ ^^^^ 

1 52. A multi-stage optical amplifier, comprising: 

2 an optical fiber including^* first Raman amplifier fiber and a second 

3 Raman amplifier fiber, th^dptical fiber configured to be coupled to a signal 

4 source that produces ^plurality of signaljaavelsngths A* and a pump source 
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5 that produces one or more^pump wavelengths Xp, wherein the one or more 

6 pump wavelengths ^are less than at least apportion of the plurality of 

7 signal wavelengths'^/'^ / 

8 a signal input port coupled to the ^pptical fiber; 

9 a signal output port coupled to/uie optical fiber; 

10 a pump input port couplecLto the optical fiber; 

1 1 a dispersion compensating member coupled to the optical fiber; and 

/ 

12 a pump shunt coupled to the optical fiber, wherein at least a portion 

13 of the one or more pump wavelengths Xp is coupled between the first Raman 

1 53. /The multi-stage^optiCSTampIilteiLof claim 52, wherein the 

2 optical fib^* indudgs-^mnsmission fiber and th^ dispersion compensating 

3 membei&as-"anopposite sign of dispersion slope and an opposite sign of 

4 dispersion relative to at least a portion of the optical fiber. 

1 54. The multi-stage optical amplifier of claim 52, wherein the 

2 optical fiber includes a transmission fiber and the dispersion compensating 

3 member has an opposite sign**of dispersion slope and an opposite sign of 

4 dispersion relative to a majority of the optical fiber. 

1 55. The'^n^i-stage optical amplifier of claim 52, wherein the 

/ 

2 optical fiber includes a transmission fiber and the dispersion compensating 

3 member has^ opposite sign of dispersion-slope and an opposite sign of 

4 dispersion relative to a cumulative dispersion o^the entire optical fiber. 

1 [56. ^Ch€multi-stage optical^amplifier of claim 52, wherein the 

2 pump shunt is coupled to the signal input port and the signal output port. 

1 57. The mul^toge optical amplifier of claim 52, further 

2 comprising^^ 



Attorney Docket: 20434-753 
C:\TEMP\701CIP1207.doc 



41 



1 

2 
3 




a distributed Raman^mplifier coupled to the signal input port. 



58. The 6iUti=stage"ot>tical amplifies of claim 57, wherein at 
least a portion of the pump shunt is positionedyBetween the distributed 
Raman amplifier and the signal input port., 
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59. The multi-stage ogtidal amplifier of claim 52, wherein the 
one or more pump wavelengths Xp are in the range of 1300 to 1 530 nm. 




The multi-stage optical amplifier of claim 52, further 



rupled to the optical fiber. 



composing: 

a los^y membi 



61 . The multi-stage optical amplifier o^daim 52, further 
comprising: 

a lossy member coupled to the pump shunt. 





62. The multi-stage optical amplifier of claim 52, wherein the 
pump shunt includes an optical fiber. 
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63. The multi-stage optical amplifier of claim 52, wherein at 
least a portion of^atleast one of the first and second Raman amplifier fibers 
is a dispersion compensating fiber. 

64 ( The multistage optical amplifier of cjfaim 63, wherein the 
optical fiber includes a transmission fiber and th^ispersion compensating 
fiber has an opposite sign of dispersion sloj5e and an opposite sign of 
dispersion relative to at least a portit5iTof the optical fiber. 



1 
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65. The muljkstage optical amplifier of claim 54, further 
comprising: 

at least tfne WQM-t5oupler to cpupi^a pump path from the signal 
input port to the signal output*r>l5rt. 





Attorney Docket: 20434-753 
C:\TEMP\701CIP1207.doc 



42 



1 

2 
3 



66. The mul£k£tage opticaLampKfief-ef^claim 52, further 
comprising: 

at least one laser diode pump source coupled to the pump input port. 
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67. A multi-stage optical^amplifier system, comprising: 
a plurality of transmitters^that produce a plurality of signal 
wavelengths 

a multi-stagey<fotical amplifier 

Raman amplifier fiber and a discrete 

plifier being 

'coupled to the plurality of transmitters; and configured to be 





coupled to at least a first pump'source that produces one or 

more pump beam wavelengths A, p , 

a signal input port coupled to the amplifier, 




a signal output^pprt coupled to the amplifier, the distributed 
Raman and discrete amplifier fibers being positioned 
between the signal input port and the signal output port, 
a firsLpump input port coupled to a first end of the 
distributed Raman amplifier fiber, 

second pump input port coupled to a second end of the 
distributed Raman^mtflffier fiber,Tfr$ first end being located 
closer Jo-tKe signal input port than th£ second end, 
a third pump input port couplec^to the discrete amplifier 
fiber; and 

a plurality of receivers coupled to the multi-stage optical amplifier. 




l 
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68 The multi-sta^e optical amplifier system of claim 67, 
wherein the first and second pump input ports are configured to couple 
pump light into the/ustributed R^mafTainplffler fiber. 



l 



69 The multi-stage optical amplifier system of claim 67, 
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wherein the discrete amplifier fiber is a discre te Raman amplifier fiber. 
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70. /The-mtllti-stage optical amplifier ^ystem of claim 69, 
wherein the distributed and discrete Raman ^riiplifier fibers have lengths 
greater than or equal to 200 m. 
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7 1 . The multi-stage optical amplifier system of claim 69, 
wherein at least one of the'distributed and discrete Raman amplifier fibers is 
a dispersion compensating fiber. 




72. / A muki^stage optical amplifier system, comprising: 
a plurality of transmitters that produce a plurality^ signal 
wavelengths 

a multi-stage optical amplifier including^ 

an optical fiber including^aHeast a distributed Raman 
amplifier fiber and a discrete amplifier fiber, the multi-stage 



optical amplifier^being coupled to the plurality of 
transmitter^and configured to be coupled to at least two 
pump sources that produce one or more pump beam 





wavelengths A, p , wherein at least a portion of one of the 
tistributed Raman amplifier fiber and the discrete amplifier 
fiber is a disgei^don^ornpensating fiber; 
a signal input port coupled to the optical riper, 
a first pump input port positioned between the signal input 
port and the distributed Ram^amplifier fiber, 
a second pump input pprCthe distributed Raman amplifier 
fiber being positioned between the signal input port and the 
second pump input port and the discrete amplifier fiber 
being positioned betweenJie^econffjgjim^ input port and 
signal output port, 

a third pump inpyt^>5rt configured to pump the discrete 
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a plurality of re 




plifier fiber; and 

pled to the multi-stage optical amplifier. 



73. The multi-stage optical amplifier system of claim 72, 
wherein the dispersion compensating fitfer has a zero dispersion point that is 
shifted to wavelengths greater than^fsOO nm using the waveguide dispersion 
property. 
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74 The multi-stage optical amplifier system of claim 72, 
wherein the discrete amplifier fiber is a discrete Raman amplifier fiber. 




The multi-stage optical amplifier system oficlaim 74, 



wherein/the distributed and discrete Raman amplifier fibers have lengths 
;Mh£nor eqi 



greatei 



equal to 200m. 



76. 



The multi-stage optical amplifier system of claim 72, 
wherein the dispersion compensating fiber^has an opposite sign of 
dispersion slope and an opposite sign'of dispersion relative to the 
cumulative dispersion of the entire optical fiber excluding the dispersion 
compensating fiber portion of the optical fiber. 

a pluralitvpf transmitters that produce a plurality of signal 
wavelengths * 




a multi-stage optical-amplifier including, 

^-an^pticahRber including at leasj>afciistributed Raman 

amplifier fiber and a disprete amplifier fiber, the multi-stage 
optical amplifier^dng coupled to the plurality of 
transmitters'and configured to be coupled to at least a first 




pump,source that produces one or more pump beam 
^lengths 
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a signal i 
a si 



fut port coupled to the optical fiber, 



coupled to the opiical fiber, the 
Raman and discrete amplifier fibers being 
positioned between the signal inpuj/port and the signal output 



port, 



a first pump input port coupled to the distributed Raman 
amplifier fiber, 
a second pump input port coupled to the discrete amplifier 
fiber, 

a dispersion compensating member coupled to the optical 
fibepfwherein the dispersion compensating member has an 
>posite sign of dispersion-slope^anthan-ogposite sign of 
Stive to at least a portion of thejoptical fiber; 




a plurality of receivers coupled to the multi-stage optical amplifier. 



78. The multi-stage optical amplifier system of claim 77, 
wherein the dispersion compensating member is positioned between the 
distributed Raman amplifier fiber ariclthe discrete amplifier fiber. 

79. The multi-stageoptical amplifier system of claim 77, 

wherein the dispersionxompensating member has an opposite sign of 

/ 

dispersion slope and an opposite sign of dispersion relative to a majority of 
the optical fiber' 



80/ The multi-staee^wtiSal amplifier syste^i of claim 77, 
wherein (the disneFsidrf compensating member jjasiin opposite sign of 
dispersion slope and an opposite signjjf-dispersion relative to a cumulative 
dispersion of the entire opticaLfitfer. 



81. The 




system of claim 77, 
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2 wherein the discrete amplifier fiber is. 



^man amplifier fiber. 
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82. A nufltipStSge optical amplifier system, comprising: 
a plurality of transmitters that produce a^plurality of signal 
wavelengths 

a multi-stage optical amplifier including, 

an optical fiber including a first Raman amplifier fiber and a 
second Raman amplifier fiber, the multi-stage optical 
amplifier being coupled to the plurality of transmitters and 
configured^ be coupled to a pump source that produces one 
or more^ump wave.engurs V wherein «he one or more 
pump wavelengtiis^p^ei^Tth^ at leastlhxHtion of the 
plurality of^signal wavelengths Xs, 

lal input port coupled to the optical fiber, 
a signal output port coupled to the optical fiber, 
a pump input port coupled to the^optical fiber, 
a dispersion compensating member coupled to the optical 
fiber, 

a pump shunt coupled4o the optical fiber, wherein at least a 
portion of the one>or more pump wavelengths X p is coupled 
between the^prst Raman amplifier fiber and the second 
Raman amplifier fiber; and 
a plurality of receivers / coupled to the multi-stage optical amplifier. 
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83. Th£ multi-stage optical amplifier systegi of claim 82, 
wherein the opt/cal fiber mclud£S-**transmission fibej^&nd the dispersion 
compensating {pembej^hasan opposite sign ofjji^persion slope and an 
opposite sign of dispersion relative to at^dast a portion of the optical fiber. 



84. The multi-sta 



amplifier system of claim 82, 
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2 wherein the optical fiber includes a transmission fiber and the dispersion 

3 compensating membejyiias an opposite sign of dispersion slope and an 

4 opposite sign of dispersion relatiye-to-aTitajei4jy of the optical fiber. 
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85. CJffte multi-stage optical amplifier system of claim 82, 
wherein the optical fiber includes a transmission fiber and the dispersion 
compensating member has an opposite,sign of dispersion slope and an 




opposite sign of dispersion relative'to a cumulative dispersion of the entire 
optical fiber. 



s 



•n 



1 86. The multi-stage optical amplifier svstem of claim 82, further 

2 comprising: 

3 a distritfute$I<Kaman amplifier coupled to the signal input port. 
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